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im^m 1 1 

3 1 

m^mitfzii2izi3\^^x. mmmum^i!)^'R^%x. c :o.25%mT> si: 0.03-2. 
o%isxxji^p : 0.005-0. 07% t-g-:tL. t&^o, rmiD^^m^-r ^m.^x^^ t^s^ 

[C] + [P]^[Si] • • (1) 

mL. [C]. [P]i3<J:t^^[Si](i. ^MtLmUmm^<DC. PidXXfSi<D^mmi (KS 
%) ^iti*f^o 

m^MS. 4tfzli5{Zi$\,^X. mzmUmW. ^hiznM%X. Mn: 5%mT. s 
: 0.01%^Ti3J:l>'Al : 0. 08%ii)LT^'^^1-^m^-e$>-i) CI 1-^*0 

lif^^ 7 ] 

m):0.2%iikTi5XZfV : 0.2%mT<7>4'*^^MlRL7tlffitfc(±2ttm±^'^>t1-^ 
C :0.25%JiXT> Si : 0.03-2. 0%:feJ:U^P : 0.005-0. 07% ^-g-^L^ -A^O 

i(^^^mm.^tb'^%x^\zmM\^xibo^m-^'f^^^^. ?ii^v^T2o'c/s jy.jt<^#iait 
jg-c46o-6oorosjKigH«^Lx i<^jn^©j9tltfflt?<5i^Lrie>o ^eo-^ife'fb^aa 

IE 

[C3+[P]^[Si] (1) 

m^m8K)d\^^x. mtimumm^. ^hizMai%x. m: 5%ii).T. s :o.oi%jjjlt 

^ i XJ^M : 0. 08% JilT'Sr-^^l- * Ml-C* i «r#i!c f «6 o § ^^^ttlc^ttfc'^^ 

1 0 1 

m^m8tfzii9\,zid\,>x. mmmum^ii)^^ ^'okwm%x. n : o.2%jiy.T^ Nb : o 

tiiiE#2 004-3019643 



^#M2 0 0 4-0 1 3 2.6 9 ^ ^-v? : 2/E 



. 2% mriS J: V : 0. 2% iilT <7) lb L 1# i fz {± 2 am Ji =^ -^^i" ^ 0 

IE 

STS3.25/[Si] (2) 

^ o 
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10 0 0 u 

10 0 0 21 

^o-g^ffiiTjsiiijn-r ;5>lliRi * o 

[0 0 0 3] 
10 0 0 4] 

\immLxmw>-r^-^-. ^^\^^\m*skmj:m^^mLx=!^^jmnxmumMmM<Dm»i: 

[0 0 0 5] 

«6o i^^ffiOlCV^ < lcL;^C7!»5oTFe-^^^<7){g:v^Fe-Zn^^ffi/&*?l^^$tL^o i6o 
§ ^ t mUmm. t Ol^m^^ K^am $ iv:h?&^^^<0-m\^?e-Zn^±m x. r ^ ^ r 

S-r-So ^ibtw. '^^<fc?#iliaE«&ie>o§il«OiC)^§ii**Fe-Zn'g-^ffit?*^C:i:lCfeH 
[0 0 0 6] 

^^h-)jmi)m^mi'^ftx\*^ho mjL\t. mff--xn\'^^t^ ##tcc:o.oo6M%jiJLT 

Fil( Interstitial Free Steel) ^-^ffl L/i^-g-tCfictJtlSi. P^^^iSfi 
^Sp-r-l,^^:-^, WO^^BS|^tCie)o%^tf»<;^Zn<^t£tfc^'teiiUT*^o#^'«tt^[fi3_L 

[0 0 0 7] 

t/ix #m=:Scm2-e{±. ■e:#tcp:o.oio~o..io®*%> si : o.o5~o.2ok4%=^'^*l 

mfE#2 004-3019643 



2004-013269 ^ ^--J : 2/ 



10 0 0 81 

;5^x-^'f hi§trov^TcDg^^&i?ab«9x #^:5:g^3 ^cf^f£<7):fe■^^r-^±-?■<7)'ffeoa^:t-^T• 
[0 0 0 9] 

V>Ti6o |;^^|^*ftOii^M<?)ffi$Rz=^. 12SRz^0.0075 • Sm+6.7 (40 L. Rz (/.m 
) : 10,iC¥*^iffl$, Sm (/i m) : \«\{h(OW^mm) i:-t--2>ji#7&«PS^$^x-Cv^^o iiCl^ 

T-*i9. itLici y)'^mz.\ttj:\,^m\^<ib'oh^mn\^^fy^fz^±itmmM^ibc>^mm. 

[0 0 101 

Xm^Xn. 1 1 #«=t?3163986-f-<2r^ 

I#i^=:fcM3] #ffi2001-335908-^<Z^m 
I#W=:fcm4l #B^=^2638400-^<&$^ 
li|fW:fcm5l #i^=tl2932850-^<&# 
[#W=:fct^6l #l^^^2976845-^<&^ 

[0 0 1 n 

[0 0 121 
[0 0 131 

(II) 'g-^'fb?#S!!S^ie>o§Jg«rf!lilL-cm^$tL*^*tfPi:fe<0^15?^4^ttcov^T> ?!r 
y y^y l^cftO. 5 m ^^7.y /e>^lfCM5e $ tt-g. MigM^JtSdr7&^2. 0% 

[0 0 141 

(III) ±l2(I)t^t±(II)lw;fev^T. C : 0.25%J£IT> Si : 0 

.03-2.0%^ J; tfp : 0.005-0. 07% ^-g-;tt. TfB(i)!S:^ilJS.-r^afiE-e*s- i 

t •^'s^^t-f^ib'o^^mm^^ftfz^^immMM^^tmwLo 

IB 

[C]+[P]^[Si] (1) 

mU [C]. [P]:feJ:tr[Si](±. -?-*L-P;ftm#il^'f'<^C> P i5 i t/^SK^-^^S (StS 

%) ^itB^-r-So 

[0 0 151 

miEi^ 2004-3019643 



^f^M2 0 0 4-0 1 3 2 6 9 ^ ^-v^ : 3/ 



(IV) ±K(iii)t::i5v^-c. mmmumm^^<^^m^im^'t^um<o^mx-^ mmu 

[0 0 16] 

(V) ±iB(iii)t7t{±(iv)tiiov^T. mw&^muT<Dm^i*^izsi(Dmtm^m-t^^t 

(0 0 17] 

(VI) ±fB (III) . (IV) tfni (V) icisv^T. mumumuT(>^. $^n®*%-c% m 

n: 5%mT> S : 0.01%J':JLTi3J;t>^Al : 0.08%mT^#^-r'2)a^T-^^C:i:4:#mi: 
[0 0 181 

(VII) ±fB(III)~(VI)<^V»-rtt;6n:«tC:fev^-C. f^lBm#^5K;6^ $<btcKg%T%Ti 
:0.2%J':JLT> Nb : 0.2%iy.Ti3J:tFV : 0.2%mTO4'>&^ic>MIRL^s:iat 7t{±2aJa^.-h^ 

[0 0 19] 

(VIII) 11*% C : 0.25%J^lTx Si : 0.03-2. 0%*5j: Of P : 0.005-0. 07% =£^'^* 
v>i 9 \z.W:^mLfz'^. m**JK : o.o05voi%J^J.T<o#H^4'-ei6o ira^t-CJ^ip 
o#iaajK-e460-6oot:oiajR|gHicijnitL. ciojiniiiajsiSH-eii^if tT«6o 

la 

[C]+[P]g[Si] (1) 

<§t, [C]. [P]*3J:tf[Si]{i. -?-tL-e'ix^*ti8^'=f<^Cx P J; O^Si <^-^« (S* 

%) ^^B^-t^o 
[0 0 2 0] 

(IX) ±is(viii)tci3v>-c. -ifiB^^tiiWx ^h\,z9.m.%x\ Mn: b%\xr. s :o.o 
i%mTi5J:yfAi : 0.08%mT*'^*-t*a^-e*-2>c:t«:ii#mt-r;&«6oi^^tttC'@E 

[0 0 2 1 ] 

(X) ±%W^Ul)^tz\till)K^\.^X^ mwSMMmmiK $'btc®fi:%-C% li :0.2%JJl 
T. Nb : 0.2%J£JLT;feJ:tFV : 0.2%\Xr<r>^ii^hm^\^fzm'^fz\i2m.\>X±.^^^-t^ 

m.^x^ izmmni^mmtmumu^<DSi^mmii}^Tm2)^^ms.-r^ c: t $r 

IE 

ST^3.25/[Si] (2) 

[0 0 2 2] 

[0 0 2 3] 

aiiE#2 004-3019643 
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[0 0 2 41 
[0 0 2 5] 

au^m-rM^mm.'f-mum (sem) x-mmLtzm<DsmmMx-^^o mm. ^^it^m 

y^Lfz^k. M^m'm=f-wMmxmmLfzt^(Dm'msm^Mx^^o mBM<7)^'y^ 
^tib^^^'m<oB avm. t o^n p x^tt l fz^^, o. 5 mmr e v ^X^:^ 

(SEM) mm^^^^iimmmm'f'mwim (tem) mm-r^^tx. \£y^iixi/m^^m^ 

10 0 2 6] 

2^<o\h3. 4 ii^^oitffiL. iixib2ooiu3. 4 m^m^ij\^im^Ltzummm. 

5fim) (O^Xm.^DmOniniik±X$>fhlf. Q.5fxmi^:XT(0\£ y ^PX10nm&s±<Dm^ 
[0 0 2 7] 

iIL> :^§^mxi,i. 0.5fzml^J.T<r>\£-y^Xl0nin&<±(Dm^D<Dma^K #MOft$ 

(^i-e#®M$ tt±ff$:^ffi]if®tc:fev>T#®_t(D2,if.Hoii:^i?&gli^v^^o ) 5;«m 

t>%. \0fjLmW:^<Dib'O%mm^mm'^'^h (0.5/. m) -fo^tO LT20mS[^«^ L (^ 
mS^{±i!'^?5r< i:^>1t^5000l§J^JL±-ei|lJ^1--5>^><Oi:-r^o ) > iz^m.^fxxa 
\XT<D y^y^V XIQ n mm±0^$ D O^^^DQdi^^r-r 'S^S^^ifcx.^o tt«:^it<^ 
i6o§if®tCov>T5lil^fv>. ^UmW. (20X5=100) l::*l-1-^1irl3«=felH]a^^-r-2> 

[0 0 2 8] 

Jgi:OM#«:^i-o ia4:**ib. ^a^rlHIini<^i&ie)'l)«iJ'^7&no%Ja)L±-Cab^ i:^ ie)o§SO 
[0 0 2 9] 

miE#2 004-3019643 
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[0 0 3 01 

o 

10 0 3 1] 

ii-hW\^X-^^1^^tLX. mmmmitSdrliZmELtZo mmmmit (Developed interfa 
cial area ratio) iim]^mi$HZ^n ^Ba(0-^\^^^m<ommKM-^ ^Mm<7>m&<0^^ 

mmmmitisdT)= ca-b) /bxioq (%) 
^ma^^^. ^(D-^^^sEMi^^nr. ±fmmmmii:mma <mi!>i-^^tKx^m4-^ 

M^®^JtSdr^5Ri6/Co f^.miiiW{iJniimi±15 k VtCT^f v^. lOOOOigf^MH' (mS^ 
Ma : 12/zmX 9 m) 1200X.m^O:9'fptgt?fl5l «) ii<^. f'-^^StS^^T'Srofco 

-Kttotfeth^. %^^mMm.^m'^^^nM.t\^fz^^mmm.m.:^^yy-Y {^m^ 

nm> 88nm> 450nm<^3tt) ^M^-'tZo ^h\Z^ Ij -j Y ^ y^^^O.^ fxtat-^ h^^^ 

(omm^m^L. Wi&}t-r^-^-(:<<om&iwm-^^tiif>iznmx-^i>o fjyy:^yi^& 
i>mm-t^^Ba<r>'^^ x\,ztivxmwi<zm^i'^£^^'^^^^o m^mLtzmw:. 0.5 

^BXh^^hif-his-^fztz^. iO^#-e^aS:1f ^o;/i:o IlI10iri|iJ^fU=Jr^i-o. HIO 
(a)<i^lf14>5fi.# (Jt«^#fl) > 010(b) t±?&«tt^»*t (HWiRl) 0 3D-SEM<fe^, 
SPIMaJtSdr<7)>fit{±, Jtt^^J:*n.7%. |&|g#!l7&«2. . M^is J; y^Sdr^lC 
egi!t:5r^M^^^^TV>;|,o COMftl^i3lt^Ra{4. Jt«^^J t^^O. 00531 m. ^B^^ 

;6«0.00547/umT'^l9> <Wi'^^hi\^X\i^^YAX\t^(om^m%AtX%t£i\'^Z.hif- 

[0 0 3 2] 

'^^^■t-^^7 7-e2b'So 1115>&-<c>. miiM«JtSdr>(i:^^^2.0%J^l±tr2fe;5.J^-^l3. i^v^#® 

tt-S 3^7C/N'7P<-^'-OMMMIIJt'a:fflv>-C?^^^c«rjS^Lyi:7&^ Plt^lO/N^/-?;^ 7 ^ ;V 
9^m^^ti:^fz(n>%^ 2>*CX/N*7^-^'ORSm (}a$fflill^^W*^«$) 5rfflV^TW 

[0 0 3 3] 

. C :0.25%mTx Si : 0.03-2. 0%*5<J:lFP : 0.005-0. 07% 'Sr'g- 

is^-o. TfB(l)^«r?iJE1-^a^-^jb'5^:i:5*^«f* Lv^o 

IB 

mSEJit 2004-3019643 
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[C] + [P]^[Si] (1) 

iS.L. [C]. [P]:feJ:tMSi]{i. ^fi^f^mUm^'POC. Pfc J;O^^Si<0-^« (K*: 
%) iM^tio 
[0 0 3 4] 

v^i:i-^(0{imT<^3Sfitr i-So ^:i3, J^iLT^ 7D^O-^« (%) Ji. ^TKg:%=lr1ti* 

[0 0 3 5] 

C : 0.25%]ikT 

[0 0 3 6] 

Si : 0.03-2.0% 

^ ^^^tKi^^^Mmi^mm^^^ty^^^mmid^^c^-t^^^o x-ox. si-^«{±o.o3~2. 

10 0 3 7] 

P : 0.005-0.07% 

o.oo5%ji^±-e^;S) i t-^mt Lv^o 

IB 

[C]+[P]^[Si] (1) 

mt. [C]. [P]:feJ:0»'[Si]ii. ^tiritimUmU^<OC. Pi3J;tfSi<^-^« (K« 
%) ?£riti*1-^o 
[0 0 3 8] 

mm-r^t. isb^^mtmumm.t<Drrm(DmmLtzm{hu<om'^^nmL. tb-o^mm 
jtmxhho oti9> ibo^^m'&K^^'-rh^m\^tzm^u^mi^^^^\,z\t^ ctp 

<omm IwlS D T±|B (1)^ I- ^ b J: 9 l'Si?3s]!3PS i> p^-T ^ le:^®^^^*) ^ o [ c ] + [ p ] ^ 
[Si ] O:^^. i6 o i ® i: ^#^^0#M ic^^ L 7t IHl $ -fr ^ i <!: ^i*^^ i: ^ 

[0 0 3 9] 

•^fz. C. Siis j;0^Jil.^O'f&O7n^;&5^4'lc-^*$^xTv^T*);6^^ :b^rv^o 
[0 0 4 0] 

TcmoSPJSiJH « Ji)lT<^ t *5 -cafe * o 
[0 0 4 1] 
Mn: b%\>xr 

miE#2 004-3019643 
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[0 0 4 21 

S : o.oi%mT 

SI^O]t)nX1±7&*fiTi--&M[fi]75«*>*o ioT. S -^^Tfi tie. 01 % J^IT t -t- * i i: t L 
[0 0 4 31 

Ai : o.o8%^xr 

[0 0 4 41 
[0 0 4 51 

tm-(/-o\,^X. Fe- (Ti. Nb. V) - P <^«^rWm%^?^^ L> — P ^SrilW'fb 

*OP'^«lii£^C-CTiB(3)^^S:g|Jg.i--2)Ti. Nbis J: th'VO 1 ®t 2aJy.±^:'^;& 
$ -li: CI i: ^O^J? ^ L v ^ o 

[Ti] + [Nb] + [V]^[P] (3) 

iBL. [Ti]. [Nb]. [V]i5J:yf[P]{±. ^iirixmumm^mu Nb. Vis itf P<^-g- 

« (SS:%) ^^m-r-So 

[0 0 4 61 

iy>±^-<7t^*tii;K4'0^:8^m^OCr. Mo, Cu, Ni. Ca, N> Sb^<D^^iZ':^\^^X 

[0 0 4 71 

Cr : 0.5%J^1.T 

[0 0 4 81 

Mo : 1.0%&.T 

^ L < {i 1 %mTi:i-^o 
[0 0 4 91 
Cu : 0.5%&.T 

[0 0 5 01 

Ni:0.5%mT 

ffiiE# 2004-3019643 
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[0 0 5 11 

Ca : 0.01%J^XT 

[0 0 5 21 
B : 0.003%)y.T 

^l^^'fbtcj; i)-^JniX{liti?r3cl|-e§-5o 0.003%^«^^**^-rs<^t?. 0.003% 
[0 0 5 31 

N : o.oi%mT 

[0 0 5 41 

Sb : 0.05%mT 

ie)o#^mtf'ba:#7D«T-*t)'i:^^tcE.CT»T-#'&o mu^ 0.05%^-r-^:^:i«M 
^^tt^ajSj^o-cSft t< ^io.o5%J^:iTt:'**o 

[0 0 5 51 
[0 0 5 61 

2|s:|&^-eii. ^*t^mo?I5S3l$tt. JIS Z2201^C5a^$^^y^:5■^Kl^M•=£•i^li 
L. JIS G 3302limS:&tLy::?15il^t^:^&-e}|iJ^LT440MPaJiJ._hT'^^Cl t^^^tf^ bv^o 

[0 0 5 71 

^^immM.§ikib^^mtmmmwLt<o^m\z^ :^^^(r>mih (o.5AzmmT<o 

V^yWim-^fx mO/N-f -f ;Vi5' 'Sr>6HtTil!l^$iL^®||®aJtSdr^^'2.0%jy.Ji 
[0 0 5 81 

j§fe^*t^cf^. 3lx1±#H^4'tr750~900t:SJSO^M^]!i-t-o ^ttnii?. 

[0 0 5 91 
[0 0 6 01 

aiSE#2 004-3019643 
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* ^)<^-et±*v*o mmi\:.^^m%t lxh. m^it. fkm : o.oi~o.5voi%s mi^ : -20 

[0 0 6 1 1 

>5r*3, mmit^nm^^xmm.m'mt:m\:-^'^xm\^^mi:^^-}^^^^\^. -A^^xmyt 
n^m^f^xmrnLxmu^wi'Mytm^^m^^^t. ^mit^w^m%x^jt^.LfzFem 
<bt>}±. i^<M7tnw^m%^x<DmMxm7€^fi. sim^tmiiM7tmwm%^x(Dmmo^ 
m^i>M%^fi^j:^^(Dx. mum^(omMW.T<om^p^\^mmitmtLxn^ir^o ^ 

[0 0 6 2] 

v^^^. jix#a^'i=-e8oo~9ooroJt«itfi?jii5zao-^^j!jn^^ei:a^^T>&ofcm> m^*>^ 
\^mmM^<D^mKxy)m'mmtmi^^^i-^o ^a^^x. m7twm^^xsoox:&.T(r> it 

(om^^mm^t^m^^i^nm'r^^tii^x^^o ±7^<dx^ Km.7t^mM^xmn&]iz 
sii!)m^0.mmt^fttj:\.^idmin^if^tLxii. #ic^^i--2>*>o-r-t±^<. ttz\^^ 

10 0 6 31 

mm^<omummi. mmmytw^m^^xi^^^ izMLtzi&s:. utL< {i44o~54o'c 

t3r$^rv^o-eR&^$tL:tv^o mK-ii. tK^ : 3~20vol%. nu^m(D^m^i^mfhfi 
[0 0 6 4] 

[0 0 6 51 
[0 0 6 6] 

mi^x^o ^ti)^x^^o mL> ^^>fbiajgt-eo#fiB#<^¥*^^zaiiK{i2ot:/sJ':J._L 

ttS|iE# 2004-3019643 
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T'*^ Cl 1 5&*iej^gt?^-g,o 20'C/ s ^M'^m-^. M^-etTj^f ^Bt^755« < -^^-fbRf&o 
[0 0 6 71 

13 

ST^3.25/[Si] (2) 

^ o 

[0 0 6 8] 
[0 0 6 9] 
[0 0 7 01 

ii^Ol^Mlc^IS-eBfev^Fe-Zn-^^ffi (|fiJx.{?rffl^ri*B) *s3ajKti^<5^^L. «)o 
[0 0 7 11 

x.{f. '^^'fk^i!llM$&*:)o^^^^>1ilf^-A*)<^Jfc^m-e^»$-ii:> I CP (Inductiv 
ely Coupled Plasma) ^tit^it^^^^xm^-f^^tifiX^^ho 
[0 0 7 21 

. *o i^pf oFe-^>t^=^ 8~i3®»%tc:p^-r^t;(±. &mm<D^±^tmm'S:^m^j: < 

±;5«itftLv>o — 6OOr=^0x.'2>^'^> i6o iat^l^til^fcO^Mtw^EK-eBdv^Fe 
[0 0 7 31 

iSWTi- '5>420X: * T'{i30'C/'#JiiL±O^,3lg?^4P ^1" ^ C t ;J>«il t L < . x tf . 
[0 0 7 41 

ffiiE#2 004-3019643 
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10 0 7 51 

*C<7)— ^J!jn»S^=ffv>. : 70mm, S$ : 180mml::-^»)mLTm*t^^fc LfZo * 
#m=K=Sr 5 %J^mt^lO#K«* t -cm^ t /w^. 9 o ^ V 5 ^ V- - ^ XW^^m^^ t 

[0 0 7 6] 
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m 




mM (1 








No. 


C 


Si 


Mn 


P 


80I.AI 


S 




1 A 


0.03 


0.1 


2.2 


0.065 


0.03 


0.003 




1 B 


0.08 


0.1 


0.5 


0.01 


0.029 


0.003 




1 C 


0.08 


0.25 


2 


0.01 


0.042 
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